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1.0 INTRODUCTION 

This Operation and Maintenance (O&M) Plan is follow-on work to the Remedial Actions (RA) 

completed at the Cornell-Dubilier Electronics Superfund Site, Operable Unit 2 (Site). The RA 

was performed pursuant to the Comprehensive Environmental Response, Compensation, and 

Liability Act, as amended, ("CERCLA"), and in accordance with the Record of Decision (ROD) 

for Operable Unit 2 (OU2).  The ROD was signed by the United States Environmental Protection 

Agency (EPA) in September 2004.  EPA Region II is the lead agency performing the work at the 

Site, and the Remedial Project Manager is the main Point of Contact (POC) for O&M at the Site.   

This O&M Plan includes the operation and maintenance of the following primary site systems 

and components installed as part of RA restoration at the Site: 

 Stormwater Retention Basin 
o The stormwater retention basin includes all conveyance piping, collection 

system structures, sand filter systems, and features collectively to manage 
stormwater runoff at the site in accordance with NJDEP regulatory 
requirements. 
 

 Pavement Cap 
o The Pavement Cap includes approximately 23 acre bituminous pavement 

serving as an engineered cap, in accordance with the OU2 ROD. 
 

• Miscellaneous Site Maintenance  
o Site access control features including perimeter fencing and gates and 

warning signage.  Also includes sidewalk snow removal, vegetation and 
weed control, trash and debris removal, and general housekeeping. 
 

This O&M Plan documents the strategy to address the O&M regulatory requirements for the 

stormwater management measures as required by NJDEP, and includes O&M for the other site 

features summarized above.  This plan is required by N.J.A.C. 7:8 Stormwater Management 

Rules and contains the required elements described in the NJDEP Stormwater BMP Manual, 

Chapter 8 – Maintenance and Retrofit of Stormwater Management Measures and Chapter 9.9 

Standard for Sand Filters.  This plan also addresses the inspection routine and long term 

maintenance required for the Pavement and site maintenance.  This O&M Plan contains specific 

preventative and corrective maintenance tasks, schedules, and the name, address, and telephone 

number of the EPA Point of Contact responsible for the site maintenance. 
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1.1 STORMWATER MANAGEMENT MEASURES 

According to the NJDEP Stormwater Management Rules, all maintenance plans for stormwater 

management measures must include the following items as addressed in this maintenance plan: 

 The contact information of the person(s) responsible for the preventative and corrective 

maintenance of the stormwater management measure.   

Refer to Appendix E - POC information. 

 Specific preventative and corrective maintenance tasks such as: 

 Removal of sediment, trash, and debris; 

 Mowing, pruning, and restoration of vegetation;  

 Inspecting for erosion and restoration of eroded areas;  

 Elimination of mosquito breeding habitats;  

 Control of aquatic vegetation; 

 Repair or replacement of damaged or deteriorated components.  

Refer to Section 2 

 A schedule of regular inspections and tasks, including detailed inspection tasks and 

schedules for the structural stormwater management measures. 

Refer to Table 1 – Scheduled Maintenance Schedule 

 Detailed logs of all preventative and corrective maintenance performed at the stormwater 

management measure, including all maintenance-related work performed. 

Refer to Appendix D - Example Field Report forms. 

In addition, as suggested by the NJDEP Stormwater Management Facility Maintenance Manual, 

the following items are also included in the maintenance plan: 

 Recommended corrective responses to various emergency conditions that may be 

encountered at the stormwater management measure.  

Refer to Section 2 

 Site Specific Health and Safety Plan (SSHASP). Procedures and equipment required to 

protect the safety of inspection and maintenance personnel. TO BE PROVIDED BY O&M 

CONTRACTOR. 
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 Approved disposal or recycling sites and procedures for sediment, trash, debris, and other 

material removed from the measure during maintenance operations. TO BE 

DETERMINED BY O&M CONTRACTOR. 

 As-built construction plans of the stormwater management measure and copies of 

pertinent construction documents such as laboratory test results, permits, and completion 

certificates. 

Refer to Appendix C- Basin Record Drawings. 
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2.0 MAINTENANCE 
As required by the NJDEP Stormwater Management Rules, this Plan addresses the site-specific 

maintenance plans for stormwater management measures, as listed in Table 1 and 2, and includes 

the following items: 

 Scheduled Maintenance - preventative and corrective maintenance tasks, including: 
 Removal of sediment, trash, and debris; 
 Mowing, pruning, and removal of vegetation;  
 Inspecting for erosion;  
 Elimination and/or treatment of mosquito breeding habitats;  
 Control of aquatic vegetation; 
 Pavement inspections, crack sealing, and seal coating 

 
 Unscheduled Maintenance - corrective maintenance tasks, including: 

 Removal and replacement of clogged filter material 
 Restoration of eroded areas 
 Repair or replacement of damaged or deteriorated components  

This section also addresses the following topics: 

 Recommended corrective responses to various emergency conditions that may be 
encountered at the stormwater management measure.  

2.1 BASIN MAINTENANCE 

This O&M Plan documents primarily the maintenance regulatory requirements for the stormwater 

management measures for the Site as required by NJDEP.  The creation of this plan is required by 

N.J.A.C. 7:8 Stormwater Management Rules and this O&M Plan contains all of the required 

elements described in the NJDEP Stormwater BMP Manual, Chapter 8 – Maintenance and 

Retrofit of Stormwater Management Measures and Chapter 9.9 Standard for Sand Filters.  

As implied by their name, stormwater management measures are expected to become the 

repositories for sediment, nutrients, trash, debris, and other pollutants targeted by the NJDEP 

Stormwater Management Rules. For this reason, stormwater management measures share 

maintenance requirements related to the other remedial controls of the Site including the 

Pavement Cap and drainage structures, all of which require regular inspection and cleaning, 

sediment and debris removal, and periodic replacement and/or repairs.  

Research and experience have demonstrated that regular and thorough maintenance is necessary 

for stormwater management measures to perform effectively and reliably. They have also 



CORNELL-DUBILIER ELECTRONICS SUPERFUND SITE (OU-2) FEB 2014  
OPERATION & MAINTENANCE PLAN PAGE 2-2 

demonstrated that failure to perform such maintenance can lead to diminished performance, 

deterioration, and failure, in addition to a range of health and safety problems including mosquito 

breeding, vermin, and the potential for drowning. The potential for such problems to develop is 

accentuated by many of the very features and characteristics that allow stormwater management 

measures to do their job, including standing or slowing moving water, dense vegetation, forebays, 

trash racks, dams, and the need to continually function in all types of weather. 

In recognition of these needs and potential problems, the NJDEP Stormwater Management Rules 

require that an O&M Plan be developed for all stormwater management measures incorporated 

into the design of a major development.  Preparation of a an O&M Plan is an administrative 

requirement, and under CERCLA Section 121(e)(1), a Superfund response action need only 

comply with substantive, not administrative, requirements.   However, EPA may elect to 

participate in a “permit equivalency” process, as a means of determining compliance with the 

substantive requirements of a permitting program.  This O&M Plan has been prepared in 

accordance with the permit equivalency process.  

The stormwater management measures defined as the Basin system for the Site consists of the 

following components.  These components are illustrated on the Basin Record Drawings located 

in Appendix C. 

  Stormwater collection system 

 23 Catch Basins 

 5 Inlet Structures 

 Stormwater Detention Basin 

 Eastern Forebay 

 Western Forebay 

 Surface Sand Filter – Center 

 Orifice Outlet Structure 

 Secondary Outlet Structure 

 Emergency Spillway 

As described in Chapter 8 of the NJDEP Stormwater BMP Manual, sand filters are normally used 

to remove relatively large amounts of sediments, metals, hydrocarbons, and floatables from 

stormwater runoff.  Sand filters use solids settling, filtering, and adsorption processes to reduce 

pollutant concentrations in stormwater. The NJDEP adopted total suspended solids (“TSS”) 
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removal rate for sand filters is 80 percent.  At this Site, runoff entering the sand filter is conveyed 

first through the eastern and western forebays, which removes trash, debris, and coarse sediment, 

and is then conveyed through the forebay / sand filter transition structure and into the surface 

sand filter bed located in the center. The treated stormwater then exits through the orifice outlet 

structure and the secondary outlet structure. 

Sand filters are normally used in highly impervious areas with relatively high TSS, heavy metal, 

and hydrocarbon loadings such as roads, driveways, drive-up lanes, parking lots, and urban areas.   

As required by NJDEP, a sand filter must have a maintenance plan and, should be protected by 

easement, deed restriction, ordinance, or other legal measures that prevent its neglect, adverse 

alteration, and removal.  Because this work is being performed pursuant CERCLA, EPA will 

implement institutional controls to protect and maintain the stormwater management measures for 

the Site. 

An emergency action plan for the spillway is not required as it is not a Class I or II Dam as 

defined in the NJDEP Dam Safety Standards at N.J.A.C. 

2.1.1 Drain Time Inspections 

Sufficient total temporary storage volume is provided within the forebay and sand bed zones 

(including the sand bed itself) to contain the design runoff volume and direct it through the sand 

bed without overflow. The design thickness of the sand bed provides adequate pollutant removal, 

while the bed’s permeability or infiltration rate must drain the stored runoff to the top of the sand 

bed within 72 hours, as required by NJDEP Stormwater BMP Manual, Table 9.9-1. In addition, 

the capacity of the sand bed underdrain geotextile must allow the sand bed to drain freely, while 

the overflow must safely convey the runoff from storms greater than the design storm.  The 

calculated normal drain or drawdown time for the Site’s sand filter is 21 hours.  Backup 

calculations are included in Appendix A. 

The sand filter’s normal drain (or drawdown) time is used to evaluate the filter’s actual 

performance.  If significant increases or decreases in the normal drain time are observed, the 

filter’s sand bed, underdrain system, and tailwater levels must be evaluated and appropriate 

measures taken in order to comply with the maximum drain time requirements set by NJDEP and 

to maintain the proper functioning of the filter. 
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As required by NJDEP, twice a year the basin’s drain time shall be inspected and monitored after 

a storm event which meets the design criteria of 1.25 inches in 2 hours, as measured at the nearest 

rain gauge, currently the Middlesex USGS unheated rain gage 403506074302801.  Beginning 16 

hours after such a storm event, the water level shall be observed every 2 hours until it drops 

below the top of the sand layer. The approximate time that occurs shall be noted and compared to 

the normal drain time of 21 hours. Any variance of 20% or greater is cause for the filter’s sand 

bed, underdrain system, and/or tailwater levels to be evaluated. The infiltration rate of the sand 

bed material may also be retested. If the water fails to infiltrate 72 hours after the end of the 

stormwater quality design storm, corrective measures shall be taken by performing unscheduled 

maintenance to further investigate and mitigate any localized flow reductions. 

Refer to Table 1 – Scheduled Maintenance Schedule. 

2.1.2 Debris, Trash, and Sediment Removal and Inspections (Scheduled and 
Unscheduled) 

As required by NJDEP, all sand filter components expected to receive and/or trap debris and 

sediment shall be inspected for clogging and excessive debris and sediment accumulation at least 

four times annually as well as after every storm exceeding 1 inch of rainfall.  These inspection 

and removal activities are considered scheduled and unscheduled events on the operation and 

maintenance schedule (refer to Tables 1 and 2). 

The inspection components include inlets, diversion structures, forebays, sand beds, and 

overflows.  Sediment removal shall take place when all runoff has drained from the sand bed and 

the sand is reasonably dry.  Disposal of debris, trash, sediment, and other waste material shall be 

at a EPA-approved landfill which is in compliance with all applicable local, state, and federal 

waste regulations.  Disposal documentation shall be included with the field report from each 

event. 

Inspection and elimination or treatment of mosquito breeding habitat shall be performed during 

the quarterly events if necessary, except during winter.  The mosquito habitat treatment or 

elimination protocol shall be in accordance and coordinated with the Middlesex County Health 

Department.  

Refer to Table 1 -  Scheduled Maintenance Schedule. 
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2.1.3 Annual Basin Maintenance and Inspections 

As required by NJDEP, all structural components as described in this Section shall be inspected 

for cracking, subsidence, spalling, erosion, and deterioration at least annually.  In addition to 

structural inspections, each structure shall be inspected for the accumulation of debris, trash, and 

sediment.  Each catch basin, inlet, outlet, and overflow structure in the collection system shall be 

cleaned annually by a sewer vacuum truck.  The degree of accumulations for each structure shall 

be documented on the field report, and structures exhibiting faster rates of accumulations shall be 

scheduled for more frequent cleanings. 

Refer to Table 1 -  Scheduled Maintenance Schedule. 

2.1.4 Basin Unscheduled Maintenance 
Additional maintenance measures may be identified and required following scheduled inspection.   

These unscheduled emergency conditions or as-needed repairs are included as a separate 

unscheduled maintenance event for the Basin to cover items such as: 

 Erosion repairs 

 Liner /Filter penetrations 

 Check Valve replacements 

 Filter material Replacement 

2.1.5 Filter Material Replacement Events 
The filter drain time evaluation as described in Section 2.1.1 will be used to determine when to 

schedule the replacement of filter materials within the forebays and surface sand filter.  Filter 

Material replacement is not expected to occur frequently and shall be performed as a last resort 

after an engineering evaluation is performed by USACE / EPA. 

The filter material replacement would consist of mobilizing rubber tired earthwork equipment to 

the bottom of the Basin to perform the following steps: 

 Remove and segregate the 4-inch layer of aggregate for disposal or screening and reuse 

 Remove and dispose of the geotextile filter fabric 

 Remove and dispose of approximately the top 6-inches of the 24-inch sand layer 

 Replace the top of the sand layer with new filter sand, restoring to design elevations 

 Replace the geotextile filter fabric 

 Replace the 4-inch layer of aggregate 
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The sideslopes of the basin would require use of specialized equipment such as conveyors, 

chutes, and/or roll-off boxes to lift and lower materials to and from the bottom of the basin to the 

surface for subsequent consolidation, staging and disposal.  A filter material replacement event 

report shall be prepared to document the volumes and costs of the materials disposed and 

replaced. 

Refer to Table 2 – Unscheduled Maintenance. 

2.2 PAVEMENT MAINTENANCE 

The general objectives of the pavement inspections and maintenance for this Site are to maintain 

the infiltration barrier/protective cap, preserve the capital investments, and provide a safe 

traveling surface.  Maintenance of pavement includes the preservation, restoration, and repair of 

both surface and underlying layers.  

An effective pavement maintenance program specifies the procedures to be followed to assure 

that proper preventative and remedial pavement maintenance is performed.  This pavement 

maintenance plan is based on guidance documents from the US Department of Transportation and 

the National Cooperative Highway Research Program (NCHRP). The pavement maintenance 

program for this Site consists of the following activities as outlined in each of the following sub-

sections: 

 Annual inspections 

 Pavement Condition Index (PCI) Surveys 

 Capital Preventative Maintenance (CPM) 

2.2.1 Annual Inspections 
 
A drive-by inspection shall occur annually to document changes in the pavement condition.  A 

field report shall be prepared to document the types of distress, their locations, and remedial 

action proposed or performed (refer to Appendix D for an example pavement drive-by inspection 

and the blank report template).  Various external signs or indicators make the deterioration of a 

pavement apparent, and often reveal the probable causes of the failure.  While different pavement 

distresses possess their own particular characteristics, the various types of flexible pavement 

distress generally fall into one of the following broad categories as outlined below for purposes of 

the drive-by inspections. 
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 Cracking:  Cracks in flexible pavements are caused by deflection of the surface over an 

unstable foundation, shrinkage of the surface, thermal expansion and contraction of the 

surface, poorly constructed joints, or reflection cracking.  Since cracks allow surface 

water to enter the subgrade and further destroy the stability of the subgrade, sealing 

should be accomplished as soon as practical.  Efforts should be made to avoid a buildup 

of crack sealing material. 

 Disintegration:  Disintegration in a flexible pavement is caused by insufficient 

compaction of the surface, insufficient asphalt binder in the mix, loss of adhesion 

between the asphalt coating and aggregate particles, or severe overheating of the mix.  

 Distortion:  Distortion in HMA pavements is caused by foundation settlement, 

insufficient compaction of the pavement courses, lack of stability in the bituminous mix, 

poor bond between the surface and the underlying layer of the pavement structure, and 

swelling soils or frost action in the subgrade. 

2.2.2 Pavement Condition Index Surveys 

It is currently envisioned that the asphalt capping material will be subject to very limited vehicular 

traffic while under EPA control and therefore a Pavement Condition Index (PCI) survey is not 

expected to be required.  However, should the Site usage be increased and found to be subject to 

more vehicular traffic than expected, a PCI survey shall be required every 3 years, to measure and 

record the pavement deterioration.  The PCI survey shall be in accordance with the applicable 

provisions of ASTM D 5340 and submitted by a licensed civil engineer experienced in the inspection 

and maintenance of pavements.  The PCI, developed by the United States Army Corps of Engineers, 

is widely used in transportation engineering and is based on a visual survey of the pavement and a 

numerical value between 0 and 100 defines the condition with 100 representing an excellent 

pavement. The process involves the following steps: 

 Divide the total pavement section into sample units (each approximately 5,000 square feet). 

 Based on the number of sample units in the total section, a certain number of these units are 

selected to be tested. For example if there are 40 or more sample units, 10% are tested. 

 The type, extent and severity of pavement distress in each section are recorded using the 

ASTM Standard D 5340 method. 

 The PCI of each tested sample unit is calculated using the method defined in the standard. 

In summary this involves calculating the distress quantities and the distress densities for each 
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tested unit. These values are used to determine a deduct value and this deduct value is 

subtracted from 100 to give the PCI value. 

 The PCI of the total section is then determined based on the sample values. 

The PCI provide a good indication of the pavement condition of a network.  The licensed civil 

engineer shall submit with the PCI survey a recommendation and plan for pavement capital 

preventative maintenance (CPM) treatments and corresponding cost estimates.  The typical CPM 

treatments are as described in the following section. 

2.2.3 Critical Preventative Maintenance Pavement Treatments 

Techniques used to determine the appropriate time to apply capital preventive maintenance include 

the following: 

 A pavement management system 

 A predetermined treatment schedule or time since a previous maintenance or 
rehabilitation event 

 Maintenance surveys 

 Determining existing distresses to be treated, or anticipated distresses to be 
prevented or slowed 

This maintenance plan combines both approaches by using maintenance (PCI) surveys and 

scheduled CPM treatments to preserve the life of the pavement cap based on recommendations from 

the National Cooperative Highway Research Program (NCHRP).  Typical bituminous-surfaced 

pavement capital preventative maintenance (CPM) treatments consist of the following:  

 Crack Filling/Crack Sealing  

 Fog Seals  

 Slurry Seals 

 Scrub Seals 

 Microsurfacing 

 Chip Seals 

 Thin Overlay 

 Ultrathin Friction Courses 

The typical expected life and costs of each CPM treatment are as follows.  There is a broad range for 

some of the treatment lives because the expected life estimates are based on the use of treatment in 

both a preventative and reactive manner.  The costs also cover a wide range of applications and 
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regional variations.  Since the treatments also depend on the distresses, the schedule and budget in 

this O&M Plan assume an average of 3 years between CPM treatments. 

 Crack Filling/Crack Sealing 

 Expected Life: 2 to 6 years 

 Typical Costs: $0.30 to $1.50/linear foot 

 Fog Seals  

 Expected Life: 1 to 2 years 

 Typical Costs: $0.30 to $0.45/square yard 

 Slurry Seals 

 Expected Life: 3 to 5 years 

 Typical Costs: $0.30 to $0.45/square yard 

 Scrub Seals 

 Expected Life: 1 to 3 years 

 Typical Costs: $0.75 to $1.25/square yard 

 Microsurfacing 

 Expected Life: 4 to 7 years 

 Typical Costs: $0.90 to $1.70/square yard 

 Chip Seals 

 Expected Life: 4 to 7 years 

 Typical Costs: $0.75 to $0.90/square yard for single application 

 Typical Costs: $1.10 to $1.25/square yard for double application 

 Thin Overlay 

 Expected Life: 7 to 10 years 

 Typical Costs: $1.75 to $2.00/square yard for dense graded mixes 

 Ultrathin Friction Courses 

 Expected Life: 7 to 10 years 

 Typical Costs: $2.50 to $3.00/square yard 

Emergency repairs may be necessary because of the time of the year and season (i.e., winter) may 

delay implementation of the CPM treatments.  Emergency repairs may include the following and 

shall be included in the annual unscheduled maintenance budget: 

 Cold patching of pot holes and/or large cracks 
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 Hot patching of pot holes and/or large cracks 

 

2.3 MISCELLANEOUS SITE MAINTENANCE 

The general objectives of maintenance for the miscellaneous site features are to perform seasonal 

cleanup, maintenance, and repairs to preserve the capital investments and to provide emergency / 

unscheduled maintenance if needed.   

The maintenance program, at a minimum shall consist of the following activities as outlined in each 

of the following sub-sections: 

 Quarterly inspections. 

 Seasonal maintenance. 

 Unscheduled maintenance / repairs. 

2.3.1 Quarterly Inspections 
 
An inspection shall occur quarterly and a field report shall be prepared and submitted to identify and 

document any of the following common problems: 

 Infrastructure Damage. 

 Accumulation of trash and debris. 

 Vegetation and weed growth. 

2.3.2 Quarterly Maintenance 
 
Maintenance shall be performed quarterly at a minimum.  All disposal activities shall be in 

accordance with the approved waste disposal policies.  Trees, shrubs, and underbrush shall be 

pruned, trimmed, or removed and weeds shall be controlled as necessary during the growing season.  

The quarterly seasonal maintenance events shall include the following activities: 

 Site Maintenance 

 Removal of trash and debris and dead and downed vegetative debris 

 Perimeter fencing repairs, gate locks, monitoring well locks, signage. 

 Vegetation and weed control, mowing, trimming, pruning or removal. 

 Winter Maintenance 

 Removal of snow from Hamilton Blvd pedestrian sidewalk and entrance gate areas. 
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2.3.3 Unscheduled Site Maintenance 
 
Unscheduled site maintenance includes provisions for emergencies such as storm or vandalism 

damage and debris removal, perimeter fence repairs for site security. 

2.4 SCHEDULED MAINTENANCE 

As described in this O&M Plan, there are multiple “scheduled” maintenance events on quarterly and 

yearly cycles for each major component of the Site.  Refer to Table 1 for the scheduled maintenance 

events and their corresponding time cycles.  These scheduled maintenance events shall occur based 

on the scope of work as defined in this O&M Plan a field report shall be prepared and submitted to 

document the completion of each scheduled event.  Completed field reports from scheduled 

maintenance events shall be retained in accordance with Section 3.0 of this O&M Plan. 

2.5 UNSCHEDULED MAINTENANCE 

As described in this O&M Plan, there are multiple “unscheduled” maintenance activities that are 

expected to occur on an as-needed or emergency basis.  Potential unscheduled maintenance activities 

are outlined on Table 2. Upon identification of the unscheduled maintenance, a Field Change 

Request shall be submitted to the contracting officer. Following completion of the unscheduled 

maintenance a field report shall be prepared to document the corrective actions implemented and 

shall be retained in accordance with Section 3.0 of this O&M Plan. 
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3.0 MAINTENANCE PLAN PROCEDURES 
The NJDEP Stormwater Management Rules require that the following procedures be followed: 

 This O&M plan shall be maintained by EPA has owner / operator and Point-of-Contact of 

the stormwater management measure.  

 Copies shall also be submitted to the NJDEP upon request.  

 Copies shall be provided to the local mosquito control (Middlesex County Health 
Department) upon request. 

 The title and date of the maintenance plan and the name, address, and telephone number of 

the person with stormwater management measure maintenance responsibility as specified in 

the plan shall be recorded on the deed of the property on which the measure is located. Any 

change in this information due, for example to a change in property ownership, shall also be 

recorded on the deed. 

(Note: EPA is currently the POC for the Site, as the lead agency conducting the remedial activities.  EPA 
does not and will not hold title to the property.  EPA will advise NJDEP when and if another party 
assumes responsibility for O&M at the Site.  Further, EPA anticipates that upon completion of Superfund 
remedial activities, EPA and NJDEP will work cooperatively, as lead agency and support agency, to ensure 
that appropriate information is recorded on the deed.) 

 

 The person with maintenance responsibility as designated in this plan (EPA) shall evaluate 

the maintenance plan for effectiveness and at least annually and revise as necessary. 

 Field Report Forms (Appendix D) and any additional information documenting preventative 

and corrective maintenance performed at the Site shall be kept as part of the Maintenance 

History (Appendix G).  The person with maintenance responsibility as designated in this 

plans shall retain and, upon request, make available the maintenance plan and associated logs 

and other records for review by a public entity with administrative, health, environmental, or 

safety authority over the site. 

3.1.1 Site Access 

All stormwater management measures’ components, pavement, and site features, shall be readily 

accessible for inspection and maintenance. Therefore, trees, shrubs, and underbrush shall be pruned, 

trimmed, or removed as necessary to maintain access to the stormwater management measure. 
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3.1.2 Training of Maintenance Personnel 

Maintenance personnel shall be trained as appropriate in specialized inspection and maintenance 

tasks and/or the operation and care of specialized maintenance equipment.  Refresher training of 

maintenance personnel shall occur as needed, preferably just prior to annual inspection milestones, to 

cover lessons learned during the previous preventive and corrective actions, and to review any new 

maintenance provisions and/or requirements.  
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New Jersey Stormwater BMP Manual, New Jersey Department of Environmental Protection, 

February 2004. 

Guidelines and Procedures for Maintenance of Airport Pavements, Advisory Circular No. 150/5380-

6B, US Department of Transportation, Federal Aviation Administration, 2007. 

Optimal Timing of Pavement Preventative Maintenance Treatment Applications, NCHRP Report 

523, National Cooperative Highway Research Program, Transportation Research Board, 2004. 

ASTM D5340-10: Standard Test Method for Airport Pavement Condition Index Surveys. 

United States Environmental Protection Agency, Region II, September 2004.  “Record of Decision  

for Operable Unit 2” Cornell-Dubilier Electronics Superfund Site, South Plainfield, New Jersey. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Cornell-Dubilier Electronics Superfund Site
Operable Unit 2
February 2014

Table 1 - Routine Scheduled Maintenance

Maintenance Category Event Frequency

Drain Time Inspections
Twice a Year

Debris, Trash, Vegetation and Sediment Removal and 
Inspections Quarterly

Annual System Structural Maintenance and Inspections
Annually

Unscheduled Inspections After 1-inch Storm Events As needed

Annual Inspections
Twice a Year

Pavement Condition Index Surveys
2-Year Cycle

Pavement Maintenance and Repairs
As needed

Monthly Inspections
Monthly

Debris, Trash, and  Vegetation Cleanup
As Needed

Snow Removal
Per Event > 2"

Table 2 - Unscheduled Maintenance
Maintenance Category Event Frequency
Stormwater Basin and 
Collection System

Unscheduled Filter Material Replacement Events (Assumes 
24,000 sq feet )

As needed - 
Dependent on Drain 
Time Inspections

Pavement Critical Preventative Maintenance Treatments (Assumes 
106,000 sq yds) 3-Year Cycle

General House Keeping NA

Pavement

General Housekeeping 

Stormwater Basin and 
Collection System
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APPENDIX A  
 Normal Drain (Drawdown) Time Calculation 

Cornell-Dubilier Electronics Superfund Site 
Operable Unit (OU-2) 

 

 
From the New Jersey Stormwater Best Management Practices Manual, Equation 9.9-1: 
 
 

AS  ൌ  
ሺVQSሻሺTHSሻ

ሾሺkሻሺ
DST

2  ൅  THSሻሺTDሻሿ
    

                         Equation 9.9-1 
 
Where: 
AS = Minimum Sand Bed Surface Area (in square feet) 
VQS = Runoff Volume from the Stormwater Quality Design Storm (in cubic feet) 
THS = Thickness of Sand in Sand Bed (in feet) 
k = Sand Bed Design Permeability (in feet per day) 
DST = Maximum Temporary Sand Bed Depth (in feet) 
TD = Sand Bed Drain Time (in days) 
 
Solving for the Sand Bed Drain Time (TD) and using the values and/or actual measurements below, 
AS = Minimum Sand Bed Surface Area = 9,660 ft2 
VQS = Runoff Volume from the Stormwater Quality Design Storm = 82,621 ft3 
THS = Thickness of Sand in Sand Bed = 2 ft 
k = Sand Bed Design Permeability = 4 ft/day 
DST = Maximum Temporary Sand Bed Depth = 3.5 ft 
 
TD = .88 days or 21.1 hours 
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1. Introduction 

The former Cornell – Dublier Electronics property is currently a superfund site in South 

Plainfield, NJ.  The site has been contaminated due to the improper disposal of 

manufactured components on site.  The contaminated soil will be decontaminated and 

once the remediation is completed the entire site will be paved.  Malcolm Pirnie has 

designed a storm water system to convey water from the site without impacting the 

surrounding area.  The design of the system follows the State of New Jersey’s Standards 

for Soil Erosion and Sediment Control as well as the New Jersey Storm Water Best 

Management Practices Manual. 

1.1. Extended Detention Basin Location 
One of the main issues to be resolved with this project was the location of an extended 

detention basin (basin).  There were many factors for determining the location of the 

basin.  Originally it was determined that the basin would not be placed over areas of 

contaminated soil.  The natural grading of the site slopes to the north and to the east 

toward the Bound Brook so the optimal place to locate the basin is along the northern 

boundary of the site.  Several potential basin locations were evaluated south of the rail 

system and to the west of the major contaminated areas.  Areas in the northwest corner of 

the site contained uncontaminated areas but the bedrock was very shallow.  Because of 

the shallowness of the bedrock in these locations, it was apparent that avoiding 

excavation in contaminated areas would necessitate significant rock removal.  It was 

determined that the basin would be placed in the northeast corner of the site, where 

bedrock was deepest.  The location is in a contaminated area but it was deemed the best 

choice in terms of constructability.  The location of the basin can be viewed on sheet G-

12.  
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2. Storm Water System Design 

The “New Jersey Storm Water Best Management Practices Manual (NJSBMPM), was 

used for the development of the storm water system.  The storm water system consists of 

catch basins, piping, an extended detention basin, and a basin outlet structure. 

 

All the various components of the developed storm water system were placed into a 

computer model called PondPack.  Sub-areas of storm water collection to each catch 

basin were input into the model as well as sheet flow and channel flow lengths.  Piping 

reach distances and estimated pipe sizes as well as the size and volume of the basin were 

also input into the model.    The initial basin volume was estimated using an input 

hydrograph generated for the preliminarily storm water network following the TR-55 

tabular hydrograph method.  Note catch basins CB-23 and CB-24 are not included in the 

model because they are solely designed to assist in cleaning the system and have no 

storm water responsibility. 

 

The model was conducted using the 2, 5, 10, 25, 50, 100 year – 24 hr type III storm 

events.  From the NJSBMPM, the outlet structure for the basin was designed so post-

development peak runoff rates for the 2, 10 and 100 year storm events were 50, 75, and 

80 percent, respectively, of the pre-development peak runoff rates.  Output from the 

PondPack model is attached in attachment A.   

 

Pre-development runoff rates were calculated using the Rational Method and assuming 

conservatively that the pre-developed area was entirely grass.  Pre-development 

calculations are attached in attachment B.  Equations for the pre-development 

calculations were taken from the PondPack user’s guide.  Table 2.1 shows the flows that 

will have to be matched for the post-construction outlet structure. 
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Table 2.1  

Storm Frequency 
Pre-Development 

Peak Runoff 
(Qi) 

Post-Development 
Peak Design Flow  

(Qi ) 

2–yr 20.2 cfs 10.1 cfs 

10–yr 27.4 cfs 20.5 cfs 

 
100–yr 

 
37.8 cfs 30.2 cfs 

 

 

2.1. Storm Water System Design Components 
 

2.1.1. Catch Basins 
A total of 22 catch basins were used for the storm water configuration at the site.  A catch 

basin detail is presented on sheet G-14.  There are three types of catch basins which will 

be constructed.  The first type is a general catch basin which will be constructed level in 

low areas of the site.  The second type of catch basin contains angled grates.  The catch 

basin grate is angled to ensure that flow along the low area troughs in the pavement will 

enter the catch basin.  If the catch basin were constructed flat the flow may concentrate 

along the sides of the drain and flow past the catch basin.  The third type of catch basin is 

a general curb inlet which will be installed in some perimeter areas of the site.  A catch 

basin network schedule is located on sheet G-12.  Catch basin network calculations are 

attached in Attachment C 

2.1.2. Piping 
The piping for the storm water collection system is HDPE pipe.  Because it is fusion 

welded, HDPE pipe is virtually leak proof, therefore mitigating the potential for 

infiltration of surface water into contaminated soils.   Invert elevations for piping entering 

and leaving catch basins can be found on the catch basin schedule.  Catch basin network 

piping invert elevations were determined from the assumption that at least 1 foot of pipe 
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cover material and 1.25 feet of pavement material would need to be installed over the 

pipe. 

 

The sizing of the storm water pipe was accomplished by using the 25-year design flow 

(cfs) from the PondPack output along with user-defined pipe geometries.  A manning’s 

(n) roughness number of 0.009 was used for solid HDPE pipe. Calculated flow 

relationships were determined assuming a ¾ full pipe.  From the calculation a final 

design diameter for the piping was obtained.  A spreadsheet summarizing the piping 

calculations is attached in Attachment D.  A pipe size schedule is located on sheet G-12. 

 

2.1.3. Extended Detention Basin 
The basin has 3:1 inner side slopes, a 5-foot bench on top of the berm and 2:1 side slopes 

to grade on the perimeter.  The basin will be lined with 40-mil LLDPE flexible 

membrane liner to mitigate potential infiltration of surface water into contaminated soils.  

The basin will also have a 12-inch sand layer and two sets of geotextiles (one as a 

cushion layer to protect the geomembrane, the other as an indicator layer to prevent 

accidental damage during maintenance activities.  A detail of the cross-section of the 

basin with layer details is on sheet G-16. 

 

2.1.3.1. Basin Outlet Structure 
The basin outlet structure consists of a multi-stage structure that includes a low-flow 

orifice and a standpipe overflow or “primary discharge.”  The low-flow orifice is a 6-inch 

diameter opening at the base of the standpipe.  The standpipe itself will be a 5-foot high 

(elevation 65.0), 18-inch diameter HDPE riser equipped with a trash rack to prevent 

clogging.  The low-flow orifice controls the 2-yr storm event and the primary spillway 

controls the 10-yr / 24-hr storm event.  An emergency spillway is located 8 feet above the 

bottom of the basin (elevation 68.0).  The emergency spillway elevation is set above the 

100-yr / 24-hr storm event elevation. The outlet structure meets the “Standards for Soil 

Erosion and Sediment Control in New Jersey, Appendix A10 - Modified Structural 

Guidelines for Storm Water Management Basins”.  A basin outlet detail can be found on 
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Sheet 17.  Output from the PondPack model based on the basin outlet structures is 

summarized in Table 2-2 below. 

 

 

Table 2.2 

Storm Frequency 
Post-Development 

Peak Required 
Flow  (Qi ) 

Model Output 
Flow 

2–yr 10.1 cfs 3.5 cfs 

10–yr 20.5 cfs 13.1 cfs 

 
100–yr 

 
30.2 cfs 27.6 cfs 

 

2.1.3.2. Basin Forebays 
In the NJSBMPM it states that a 24-hour detention time is required in an extended 

detention basin in order to achieve a 60 percent TSS removal rate.  In order to achieve 

this percentage, a minimum of 10 percent of the storm water quality design storm runoff 

volume must be retained for the 24-hour time period.  In order to retain the water quality 

volume from a storm event forebays will be constructed at the conduit inlets of the basin 

for sediment removal.  The definition of a storm water quality design storm is a 2-hr 

storm with a rain total of 1.25 inches.  The volume of the quality design storm was 

determined from the PondPack data and used in the design of the forebays.  The forebays 

will be constructed with a retained volume greater than 10 percent of the quality design 

storm volume. 

2.1.3.3. Conduit Outlet Protection 
Pipe inlets to the basin are required to have conduit outlet protection.  From the Standards 

for Soil Erosion and Sediment Control in New Jersey Manual, the need for conduit 

protection is determined by comparing the allowable velocity for the soil onto which the 

conduit is discharging to the velocity in the conduit.  Because the velocities from the inlet 
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pipes to the basin are greater than the velocity allowable for sand, outlet protection is 

needed.  Calculations for the required size of the outlet protection apron and riprap size 

requirements as well as equations used from section 12-1 of the Sediment Control 

Manual are attached as Attachment E.   
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3. Summary 

Malcolm Pirnie Inc designed a storm water system for the former Cornell-Dublier 

electronics manufacturing site that meets the requirements for the State of New Jersey’s 

Standards for Soil Erosion and Sediment Control as well as the New Jersey Storm water 

Best Management Practices Manual.  

Pre-development flows from the site were calculated and used to determine the required 

flows for post-development conditions.  Storm water components were developed and 

input into a storm water modeling system and an outlet structure was designed to meet 

the required post-development flows.  Storm water modeling was performed using 

PondPack and the modeling output meets the requirements for post-development. 

Storm water piping was sized based on calculated flows from the modeling system.  

Velocities in the pipes are sufficient to move any grit or debris caught in the system.  

Conduit outlet protection calculations were performed to determine the required 

dimensions of riprap aprons to be used at pipe outlets.  It has been recommended that 

HDPE Pipe and LLDPE flexible membrane liner be used in the storm water system to 

mitigate the potential for infiltration of surface water into contaminated soils.    

 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Attachment A  
PondPack Model Output 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



































 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Attachment B  
Pre-development Calculations 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Cornell-Dublier
Pre-Development-Rational Method

Subject: Use Rational Method to Estimate Flow of Surface 
Water for Pre-Development Conditions

 - Assuming total acres that contribute to pre-development run-off = 18 acres
 - Assuming all acreage is grass

n = 0.2 (good stand of grass)
L = 160 ft

P2 = 3.3 in

Sf = 0.02
T = 0.29 hr or 17.7 min

Sf = 0.013
V = 1.83962 fps

Lf = 720 ft
Tc = 0.11 hr or 6.5 min

Total Tc = 24.2 min

*Equations taken from PondPack User's Guide



Cornell-Dublier
Pre-Development-Rational Method

I(2) = 2.8 in/hr C= 0.4 Q(2) = 20.2 cfs 50% 10.1
I(5) = 3.3 in/hr A= 18 Q(5) = 23.8 cfs

I(10) = 3.8 in/hr Q(10) = 27.4 cfs 75% 20.5
I(25) = 4.25 in/hr Q(25) = 30.6 cfs
I(50) = 4.7 in/hr Q(50) = 33.8 cfs

I(100) = 5.25 in/hr Q(100) = 37.8 cfs 80% 30.2
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Catch Basin Calculations 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Cornell Dublier
Catch Basin Network

Catch 
Basin 

Number
Rim 

(Elev.)
Pipe Invert 
In (Elev.)

Pipe Invert 
Out (Elev.)

Pipe 
Diameter  

D (ft)

Rim to Top 
of Pipe In 
(Depth.)

Rim to Top of 
Pipe Out 
(Depth.) Pipe Run

Approx. 
Length    

(ft)
Slope 
(ft/ft)

Upslope 
Invert 
(Elev.)

Downslope 
Invert (Elev.)

1 76.00 70.50 70.50 1.50         4.00               1-2 160.00      0.0031 70.5000 70.0000
2 74.00 70.00 68.00 2.00         2.50            4.00               2-3 160.00      0.0031 68.0000 67.5000
3 72.00 67.50 65.80 2.00         2.50            4.20               3-4 160.00      0.0031 65.8000 65.3000
4 69.80 65.30 64.80 2.50         2.50            2.50               4-5 100.00      0.0040 64.8000 64.4000
5 69.80 64.40 64.40 2.50         2.90            2.90               5-6 180.00      0.0033 64.4000 63.8000
6 69.80 63.80 63.80 2.50         3.50            3.50               6-POND 250.00      0.0032 63.8000 63.0000
7 76.00 70.00 70.00 1.50         4.50               7-8 200.00      0.0035 70.0000 69.3000
8 73.60 69.30 69.30 2.00         2.80            2.30               8-POND 90.00        0.0367 69.3000 66.0000
9 71.50 66.00 66.50 2.00         3.50            3.00               9-POND 50.00        0.0040 66.5000 66.3000

10 76.00 70.50 70.50 1.00         4.50               10-11 200.00      0.0030 70.5000 69.9000
11 73.50 69.90 68.00 1.50         2.60            4.00               11-12 160.00      0.0044 68.0000 67.3000
12 71.50 67.30 66.60 2.50         2.70            2.40               12-POND 100.00      0.0040 66.6000 66.2000
13 74.00 68.90 68.90 1.00         2.60            4.10               13-14 140.00      0.0036 68.9000 68.4000
14 72.00 68.40 67.20 1.50         2.60            3.30               14-15 140.00      0.0036 67.2000 66.7000
15 71.00 66.70 65.50 2.00         2.80            3.50               15-16 160.00      0.0031 65.5000 65.0000
16 70.00 65.00 65.00 2.00         3.00            3.00               16-POND 110.00      0.0036 65.0000 64.6000
17 73.00 69.50 69.50 1.00         2.50               17-13 140.00      0.0043 69.5000 68.9000
18 74.50 68.90 67.50 1.00         4.60            6.00               18-19 160.00      0.0031 67.5000 67.0000
19 70.50 67.00 63.90 1.00         2.50            5.60               19-20 140.00      0.0036 63.9000 63.4000
20 67.50 63.40 63.40 1.50         3.10            2.60               20-21 120.00      0.0033 63.4000 63.0000
21 68.90 63.00 63.00 2.00         4.40            3.90               21-22 100.00      0.0030 63.0000 62.7000
22 69.80 62.70 62.70 2.00         5.10            5.10               22-23 200.00      0.0030 62.7000 62.1000
23 71.00 62.10 62.10 2.00         6.90            6.90               23-24 200.00      0.0030 62.1000 61.5000
24 71.00 61.50 61.50 2.00         7.50            7.50               24-25 140.00      0.0036 61.5000 61.0000
25 70.00 61.00 61.00 2.00       7.00          7.00             25-POND 260.00    0.0038 61.0000 60.0000

* Assuming 1 foot of pipe cover and 1.25 feet of pavement/sub-base, need at least 2.25 ft depth from rim to top of pipe.



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Attachment D 
Piping Calculations 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Calculated Flow Relationships

Pipe Run
Length    

(ft)
Slope 
(ft/ft)

Upslope 
Invert 
(Elev.)

Downslope 
Invert 
(Elev.)

25 YEAR 
Observed/ 

Design Flow  
(cfs)

Diameter  
D (ft)

Flow Depth  
d (ft)

Depth-to-
Pipe-

Diameter 
Ratio   
d/D

Depth to 
Pipe 

Diameter 
Ratio   
d/D

Flow Area  
A (ft2)

Wetted 
Perimeter 

P (ft)

Hydraulic 
Radius    
Rh  (ft)

Flow 
Velocity   
v (ft/s)

Travel 
Time      

Tt (min)

Calculated 
Flow Rate   
Qcalc (cfs)

Observed/ 
Design 

Flow Rate   
Qdes (cfs)

1-2 160 0.0031 70.5 70.0 4.6 1.50         1.13 0.750       0.75         1.422        3.142         0.453       5.45         0.49         7.753         4.56           
2-3 160 0.0031 68.0 67.5 9.4 2.00         1.50 0.750       0.75         2.527        4.189         0.603       6.61         0.40         16.698       9.36           
3-4 160 0.0031 65.8 65.3 14.2 2.00         1.50 0.750       0.75         2.527        4.189         0.603       6.61         0.40         16.698       14.21         
4-5 100 0.0040 64.8 64.4 24.0 2.50         1.88 0.750       0.75         3.949        5.236         0.754       8.68         0.19         34.256       23.97         
5-6 180 0.0033 64.4 63.8 26.9 2.50         1.88 0.750       0.75         3.949        5.236         0.754       7.92         0.38         31.271       26.94         

6-Pond 240 0.0033 63.8 63.0 30.2 2.50         1.88 0.750       0.75         3.949        5.236         0.754       7.92         0.51         31.271       30.19         
7-8 200 0.0035 70.0 69.3 5.4 1.50         1.13 0.750       0.75         1.422        3.142         0.453       5.77         0.58         8.205         5.40           

8-Pond 100 0.0330 69.3 66.0 11.3 2.00         1.50 0.750       0.75         2.527        4.189         0.603       21.47       0.08         54.263       11.25         
9-Pond 60 0.0033 66.5 66.3 11.1 2.00         1.50 0.750       0.75         2.527        4.189         0.603       6.82         0.15         17.246       11.10         
10-11 200 0.0030 70.5 69.9 2.1 1.00         0.75 0.750       0.75         0.632        2.094         0.302       4.08         0.82         2.576         2.13           
11-12 160 0.0044 68.0 67.3 6.4 1.50         1.13 0.750       0.75         1.422        3.142         0.453       6.45         0.41         9.173         6.44           

12-Pond 100 0.0040 66.6 66.2 18.4 2.50         1.88 0.750       0.75         3.949        5.236         0.754       8.68         0.19         34.256       18.38         
13-14 140 0.0036 68.9 68.4 2.2 1.00         0.75 0.750       0.75         0.632        2.094         0.302       4.45         0.52         2.811         2.18           
14-15 140 0.0036 67.2 66.7 6.9 1.50         1.13 0.750       0.75         1.422        3.142         0.453       5.83         0.40         8.288         6.88           
15-16 160 0.0031 65.5 65.0 11.7 2.00         1.50 0.750       0.75         2.527        4.189         0.603       6.61         0.40         16.698       11.74         

16-Pond 100 0.0040 65.0 64.6 17.1 2.00         1.50 0.750       0.75         2.527        4.189         0.603       7.48         0.22         18.892       17.08         
17-13 140 0.0043 69.5 68.9 0.7 1.00         0.75 0.750       0.75         0.632        2.094         0.302       4.87         0.48         3.079         0.74           
18-19 160 0.0031 67.5 67.0 0.8 1.00         0.75 0.750       0.75         0.632        2.094         0.302       4.16         0.64         2.629         0.84           
19-20 140 0.0036 63.9 63.4 2.2 1.00         0.75 0.750       0.75         0.632        2.094         0.302       4.45         0.52         2.811         2.18           
20-21 120 0.0033 63.4 63.0 8.6 1.50         1.13 0.750       0.75         1.422        3.142         0.453       5.63         0.36         8.007         8.57           
21-22 100 0.0030 63.0 62.7 10.2 2.00         1.50 0.750       0.75         2.527        4.189         0.603       6.47         0.26         16.361       10.15         

22-23-24-25-Pond 820 0.0033 62.7 60.0 11.3 2.00         1.50 0.750       0.75         2.527        4.189         0.603       6.78         2.02         17.140       11.29         

User-Defined Input Data:
Pipe Material: 10 HDPE, 
Manning's Roughness Coefficient, n: 0.009
Observed/Design Flow,  gpm: -

        gallons/day: -
        gallons/month: -

User-Defined Pipe Geometry

Pipe Calculations 

Cornell-Dublier
South Plainfield, NJ
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Gravity Flow in Circular Pipes

The Sheet Flow Calcs  is a spreadsheet tabulation designed to allow the user to calculate either the 
flow rate through an existing circular pipe, the flow depth through a circular pipe, or the required 

minimum diameter of a proposed pipe.

Basic User-Defined Input:

The user must define the Manning's Coefficient and the Observed or Design Flow Rate in Cells D24 
and D25 (beneath the table).

Manning's Coefficient, n:  This may be directly input by the user (Cell D24) or the user may enter the 
number of a pipe/surface material from the chart on Sheet "Manning n" in 
(Cell C23) and Excel will look up the value to enter in (Cell D24).

Flow Rate: The user may enter the flow rate, in gallons/minute, in (Cell D25).  Excel 
will calculate the flow in gallons/day and gallons/month in the cells 

The user may also enter the pipe segment, length, and slope in Columns A through E of the table.  

If the Spreadsheet is used to calculate Q or flow depth, d, of an existing  pipe:

Enter the pipe diameter, D,  in Column F.

The Flow Depth, d,  (Column G) may be determined in one of two ways:
1.  The user may enter this in an iterative fashion until the calculated Flow Rate, Qcalc, approximately 

equals the design Flow Rate, Qdes.  

2.  The user may use the "Goal Seek…" feature under Excels "Tools" pull-down menu as follows: 
"Set Cell" - select the cell under Qcalc for which the optimazation is to be 
conducted
"To Value" - insert the numerical value of Qcalc (equal to Qdes)
"By Changing Cell" - select the cell under Flow Depth which will be 
changed to yield                                 the desired Qcalc

        Note :  the Goal Seek tool may not converge to an answer .

Excel will calculate the Flow-Depth-to-Pipe-Diameter Ratio, d/D,  in Column H.
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Using d/D, Excel will look up the geometric relationships on Sheet Circular  and calculate the 
 the Flow Area, A ,  the Wetted Perimeter, P w ,  and the Hydraulic Radius, R h ,  in Columns I - K.

Excel calculates the Flow Velocity, v,  in Column L using Manning's Equation:

v = (1.49/n)*(Rh)
2/3*S1/2

n = Manning's Coefficient [user-defined in Cell D24 (direct input) or by 
selecting pipe material in Cell C23 (see Sheet "Manning n")]
Rh = Hydraulic Radius
S = Slope (in ft/ft)

Excel calculates the Travel Time, T t , in Column M using the equation:

Tt = L/v

Excel calculates the Flow Rate, Q calc , as follows:

Qcalc = v*A v = Flow Velocity, as calculated by Manning's Equation
A = Flow Area, as calcuated in Column I

Excel calculates the design Flow Rate , Q des , in cubic feet per second (cfs) based on a unit conversion 
of the user-defined flow rate entered in Cell D25.

If the Spreadsheet is used to determine the design diameter of a pipe based on a design flow rate:

In the final two columns, Excel calculates the minimum design diameter for  full-flow conditions 
based on rearrangement of the Chezy-Manning Equation, as recommended by the American Pipe 

Manual (American Cast Iron Pipe Company, 1986):

Q = (1.49/n) A R2/3 S1/2

A R2/3 = (Qn/S1/2)(1/1.49)

(c1D
2)(c2D)2/3 = (Qn/S1/2)(0.671)

      Where c1, c2 are the values of A/D2 and Rh/D for a given d/D (see Sheet Circular )

D = [(Qn/S1/2){0.671/(c1)(c2)
2/3}]3/8

Note:  for gravity flow, the"full-flow" capacity is generally assumed to correspond to a d/D ratio of approximately 0.67
and the equation reduces to:

D = [(2.76Qn)/S1/2]3/8
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Flow Through Circular Pipes
Geometric Relationships

(Area, Wetted Perimeter, and Hydraulic Radius)

d/D A/D2 Pw/D Rh/D

0.01 0.0013 0.2003 0.0066
0.02 0.0037 0.2838 0.0132
0.03 0.0069 0.3482 0.0197
0.04 0.0105 0.4027 0.0262
0.05 0.0147 0.4510 0.0326
0.06 0.0192 0.4949 0.0389
0.07 0.0242 0.5355 0.0451
0.08 0.0294 0.5735 0.0513
0.09 0.0350 0.6094 0.0574
0.10 0.0409 0.6435 0.0635
0.11 0.0470 0.6761 0.0695
0.12 0.0534 0.7075 0.0754
0.13 0.0600 0.7377 0.0813
0.14 0.0688 0.7670 0.0871
0.15 0.0739 0.7954 0.0929
0.16 0.0811 0.8230 0.0986
0.17 0.0885 0.8500 0.1042
0.18 0.0961 0.8763 0.1097
0.19 0.1039 0.9020 0.1152
0.20 0.1118 0.9273 0.1206
0.21 0.1199 0.9521 0.1259
0.22 0.1281 0.9764 0.1312
0.23 0.1365 1.0003 0.1364
0.24 0.1449 1.0239 0.1416
0.25 0.1535 1.0472 0.1466
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Flow Through Circular Pipes
Geometric Relationships

(Area, Wetted Perimeter, and Hydraulic Radius)

d/D A/D2 Pw/D Rh/D

0.26 0.1623 1.0701 0.1516
0.27 0.1711 1.0928 0.1566
0.28 0.1800 1.1152 0.1614
0.29 0.1890 1.1373 0.1662
0.30 0.1982 1.1593 0.1709
0.31 0.2074 1.1810 0.1755
0.32 0.2167 1.2025 0.1801
0.33 0.2260 1.2239 0.1848
0.34 0.2355 1.2451 0.1891
0.35 0.2450 1.2661 0.1935
0.36 0.2546 1.2870 0.1978
0.37 0.2642 1.3078 0.2020
0.38 0.2739 1.3284 0.2061
0.39 0.2836 1.3490 0.2102
0.40 0.2934 1.3694 0.2142
0.41 0.3032 1.3898 0.2181
0.42 0.3130 1.4101 0.2220
0.43 0.3229 1.4303 0.2257
0.44 0.3328 1.4505 0.2294
0.45 0.3428 1.4706 0.2331
0.46 0.3527 1.4907 0.2366
0.47 0.3627 1.5108 0.2400
0.48 0.3727 1.5308 0.2434
0.49 0.3827 1.5508 0.2467
0.50 0.3927 1.5708 0.2500
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Flow Through Circular Pipes
Geometric Relationships

(Area, Wetted Perimeter, and Hydraulic Radius)

d/D A/D2 Pw/D Rh/D

0.51 0.4027 1.5908 0.2531
0.52 0.4127 1.6108 0.2561
0.53 0.4227 1.6308 0.2591
0.54 0.4327 1.6509 0.2620
0.55 0.4426 1.6710 0.2649
0.56 0.4526 1.6911 0.2676
0.57 0.4625 1.7113 0.2703
0.58 0.4723 1.7315 0.2728
0.59 0.4822 1.7518 0.2753
0.60 0.4920 1.7722 0.2776
0.61 0.5018 1.7926 0.2797
0.62 0.5115 1.8132 0.2818
0.63 0.5212 1.8338 0.2839
0.64 0.5308 1.8546 0.2860
0.65 0.5404 1.8755 0.2881
0.66 0.5499 1.8965 0.2899
0.67 0.5594 1.9177 0.2917
0.68 0.5687 1.9391 0.2935
0.69 0.5780 1.9606 0.2950
0.70 0.5872 1.9823 0.2962
0.71 0.5964 2.0042 0.2973
0.72 0.6054 2.0264 0.2984
0.73 0.6143 2.0488 0.2995
0.74 0.6231 2.0714 0.3006
0.75 0.6318 2.0944 0.3017
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Flow Through Circular Pipes
Geometric Relationships

(Area, Wetted Perimeter, and Hydraulic Radius)

d/D A/D2 Pw/D Rh/D

0.76 0.6404 2.1176 0.3025
0.77 0.6489 2.1412 0.3032
0.78 0.6573 2.1652 0.3037
0.79 0.6655 2.1895 0.3040
0.80 0.6736 2.2143 0.3042
0.81 0.6815 2.2395 0.3044
0.82 0.6893 2.2653 0.3043
0.83 0.6969 2.2916 0.3041
0.84 0.7043 2.3186 0.3038
0.85 0.7115 2.3462 0.3033
0.86 0.7186 2.3746 0.3026
0.87 0.7254 2.4038 0.3017
0.88 0.7320 2.4341 0.3008
0.89 0.7384 2.4655 0.2995
0.90 0.7445 2.4981 0.2980
0.91 0.7504 2.5322 0.2963
0.92 0.7560 2.5681 0.2944
0.93 0.7612 2.6061 0.2922
0.94 0.7662 2.6467 0.2896
0.95 0.7707 2.6906 0.2864
0.96 0.7749 2.7389 0.2830
0.97 0.7785 2.7934 0.2787
0.98 0.7816 2.8578 0.2735
0.99 0.7841 2.9412 0.2665
1.00 0.7854 3.1416 0.2500

Notes:
from the Engineer-in-Training Reference Manual, 

 Professional Publications Inc., Belmont, CA
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Pipe/Channel Material Manning n

1 Planed Wood 0.012               
2 Unplaned Wood 0.013               
3 Finished Concrete 0.012               
4 Unfinished Concrete 0.014               
5 Concrete Pipe 0.015               
6 Sewer Pipe 0.013               
7 Vitrified Clay 0.013               
8 Brick 0.016               
9 Plastic Pipe (SDR, S&D, etc.) 0.011               
# HDPE, smooth 0.009               
# HDPE, corrugated (3-6" d) 0.015               
# HDPE, corrugated (18-24" d) 0.020               
# Ductile Iron w/ poly liner 0.010               
# Cast/Wrought Iron 0.015               
# Riveted Steel 0.017               
# Corrugated Metal Flumes 0.025               
# Earth, straight channel 0.022               
# Rubble 0.030               
# Earth, w/ stones, weeds 0.035               
# Mountain Streams 0.050               

Notes:
Manning's Coefficients are dependent on flow velocity, and 
cited values are typically based on velocities ranging from 
approximately 2.0 ft/sec to 5.0 ft/sec. For lower flow velocities, 
the appropriate Manning's Coefficient may be greater than 
values listed in this table.

Manning's Coefficients
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Attachment E  
Conduit Outlet Protection Calculations 

 
 
 
 
 
 
 
 
 
 
 
 
 



Pipe Inlet Q (cfs)
q (unit 

discharge) Do (ft) Wo (ft) La 

Top Width 
(ft)

Bottom Width 
(ft)

1 (CB-8) 11.3 4.52 2.5 2.5 22.65 7.5 30.15

2 (CB-9) 11.1 4.44 2.5 2.5 22.55 7.5 30.05

3 (CB-6) 30.2 15.10 2 2 33.22 6 39.22

4 (CB-25) 11.3 4.52 2.5 2.5 22.65 7.5 30.15

5 (CB-16) 17.1 8.55 2 2 24.88 6 30.88

6 (CB-12) 11.3 5.65 2 2 21.19 6 27.19

Pond Outlet 15.1 10.07 1.5 1.5 25.29 4.5 29.79

Rip Rap Apron Conduit Outlet Protection
Cornell-Dublier

* Equations and Diagram Taken from:

"RipRap Size"

TW = 0.5
D50 = 0.24 feet

2.86 inches

*Assming Tailwater is .2 Do and using largest Diameter Pipe
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APPENDIX G  
 Operation & Maintenance Inspection Form 

Cornell-Dubilier Electronics Superfund Site 
Operable Unit (OU-2) 

  

 

 
INSPECTION BEING CONDUCTED: 

QUARTERLY ___ ANNUALLY ___ AFTER 1" or GREATER RAINFALL ___ 

AFTER 1.25” IN 2 HOUR STORM EVENT ___  UNDER SPECIAL CIRCUMSTANCES ___ 

 

Inspection Date:    Weather:   

 

Inspector’s Name: 

 

“BASIN” Inspection: 

  Yes No N/A 

 Catch Basins (23 Structures):    

1. Are catch basins properly draining? 
   

2. Are the catch basins clear of trash, sediment, and debris? 
   

3. Has vegetation been removed from all catch basin areas? 
   

4. Are there any signs of damage or deterioration of catch basins? 

If yes, which catch basin(s)? ______________ 

(Refer to Record Drawings for catch basin numbers) 

   

  

Stormwater Detention Basin and Surface Sand Filter: 

   

5. Does the basin have pooled or standing water? 

If yes, describe where: ____________________________________ 
   

6. What is the water height? __________________________________ 

Approximately how many hours ago was the last rainfall? ________  

How many inches of rain? ________ 

   

7. Does the bottom appear relatively flat? No sand has washed away? 
   

8. Are concentrated flows of runoff being unexpectedly directed into the 

basin? 

If yes, describe where: ____________________________________ 

   

9. Is there any damage to the sand bed or berms? 
   

10. Has vegetation been removed from the basin areas? 
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APPENDIX G  
 Operation & Maintenance Inspection Form 

Cornell-Dubilier Electronics Superfund Site 
Operable Unit (OU-2) 

  

 

 

  Yes No N/A 

 Inlet and Outlet Structures:     

11. Are the five inlet and four outlet structures draining properly? 
   

12. Is there any standing water? 

If yes, describe where: ____________________________________ 
   

13. Are the inlets clear of trash, sediment, and debris? 
   

14. Are the outlets (standpipe, 3” orifice, secondary outlet, and emergency 

spillway) clear of trash, sediment, and debris? 
   

15. Are there any signs of damage or deterioration of inlet/outlet structures? 

If yes, describe where: ____________________________________ 
   

16. Has vegetation been removed from the inlets and outlets? 
   

 

Additional descriptions of where repairs or maintenance is needed: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Inspector’s Signature 
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APPENDIX G  
 Operation & Maintenance Inspection Form 

Cornell-Dubilier Electronics Superfund Site 
Operable Unit (OU-2) 

  

 

 

“Pavement” Inpsection (Part of Annual Inspection): 

  Yes No N/A 

1. Is there any standing water? 

If yes, describe where: ____________________________________ 
   

2. Are there any signs of cracking? 

If so, note location and maintenance effort below. 
   

3. Are there any signs of disintegration? 

If so, note location and maintenance effort below. 
   

4. Are there any signs of distortion? 

If so, note location and maintenance effort below. 
   

5. Has all vegetation been removed? 

If applicable, note location of vegetation below. 
   

6. Has the usage of the Site increased to a point that warrants a Pavement 

Condition Index (PCI) survey? 
   

7. Have any Critical Preventative Maintenance (CPM) Pavement Treatments 

been applied? 

When was the date of the last CPM treatment? __________ 

(Refer to Section 2.2.3 of the Operation & Maintenance Manual) 

   

 

Additional descriptions of where repairs or maintenance is needed:  

 

 

 

 

 

 

 

 

 

 

 

Inspector’s Signature 
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APPENDIX G  
 Operation & Maintenance Inspection Form 

Cornell-Dubilier Electronics Superfund Site 
Operable Unit (OU-2) 

  

 

Basin Drainage Rate Inspection:  
(completed twice a year after design rainfall event) 
 

Date: __________ 

 

Design Rainfall Event Information 

Requirements: 1.25” of rain in 2 hours 

 

Start: __________ 

Stop: __________ 

Inches of Rainfall: __________ 

 

Inspection Data: 

Start inspections 16 hours after design rain event 

Perform subsequent inspections every 2 hours until the height of water drops below the top of the 

aggregate in the middle basin. 

 

Inspection 

Run # 

Target Time From 

Event (hrs) 

Actual Time Water height (ft) 

1 16   

2 18   

3 20   

4 22   

5 24   

6 26   

7 28   

8 30   

9 32   

10 34   

 

Note approximate time water was drained below top of sand bed and compare to the normal 

drain time of 21 hours:  

 

 

 

 

 

Inspector’s Signature 
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APPENDIX I  
  Point of Contact Information 

Cornell-Dubilier Electronics Superfund Site 
Operable Unit (OU-2) 

 

Mr. Diego Garcia 

USEPA Region 2 

290 Broadway 

New York City, NY 10007-1866 

 

garcia.diego@epamail.epa.gov 

Office Phone: 212-637-4947 
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